We consider the e †ects of recent NLTE gravities and Fe abundances on stellar [O/Fe] and [C/Fe] ratios. The NLTE parameters greatly reduce or eliminate the well-known discrepancy between CH-and C IÈbased C abundances in metal-poor stars and previously seen trends of atomic-based [C/Fe] [Fe/H]. The gentle slope is in very reasonable agreement with some chemical evolution models employing yields with small mass and metallicity dependences. Finally, two notes are made concerning Na abundance-spatial position and element-to-element correlations in M13 giants.
INTRODUCTION
The Galactic history of stellar oxygen abundances has implications for a range of issues such as stellar ages, halo formation, chemical evolution, the production of Li/Be/B, and in situ stellar processing. Despite recent e †orts, uncertainty lingers in stellar [O/Fe] ratios and their variation with [Fe/H] . Much of the history and results of stellar O abundances have been recounted in the work of, e.g., Israelian et al. (1998) , Balachandran & Carney (1996) , Cavallo, Pilachowski, & Rebolo (1997) , King (1993) , and . Recently, Fullbright & Kraft (1999 ; hereafter FK99) have derived the [O/Fe] ratio in two metal-poor evolved subgiants using the j6300 [O I] feature. This work highlights the important issues of (1) [O/Fe] is constant. This is similar to the behavior of other a elements (e.g., Fig. 3 of Wheeler, Sneden, & Truran 1989) . The exact metal-poor plateau ratios, location of break points near [Fe/H] D [1, location of the initial rise of the ratios near [Fe/H] D 0, and possible a element-to-element variation remain unclear perhaps owing to study-to-study and element-to-element di †erences (e.g., Fuhrmann, Aver, & Gehren 1995 ; King 1994a ; Wheeler et al. 1989) .
Because the j6300/j6363 [O I] features are very weak even in metal-rich dwarfs and lie in a region of considerable telluric contamination, analyses of O in dwarfs1 have relied upon the high-excitation j7774 O I triplet with its signiÐ-cant strength and clean spectral region. The O I results show a rise in [O/Fe] The dwarf-giant discrepancy persists in recent studies. Israelian et al. (1998) [O/Fe] data from Ðeld giants come from the LickTexas (L-T) syndicate (e.g., Sneden et al. 1991 ; Kraft et al. 1992 ; Shetrone 1996) .
The current picture is seen in Figures 1a and 1b 
STELLAR PARAMETERS AND RECENT NLTE STUDIES
Several recent studies have examined the adequacy of fundamental parameters log g, and Fe abundance) of (T eff , late-type stars in light of (semi-) physical determinations and possible NLTE e †ects. Following up on the work of Nissen, Hog, & Schuster (1997) , Allende Prieto et al. (1999 ;  hereafter AP99) present evidence of systematic errors in late-type stellar spectroscopic gravities, derived from ionization balance of Fe I and Fe II lines, which evince departures from accurate values determined with Hipparcos parallaxes. Figure 4b of AP99 plots the di †erence between various studiesÏ spectroscopically inferred log g values and AP99Ïs parallax-based estimates versus [Fe/H] .
Two notable things are evident in this Ðgure. First, each data set presents gravity di †erences that seem to be functions of [Fe/H] . Second, there are striking study-to-study di †erences in the gravity di †erences. The most numerous data (with spectroscopic gravities from Gratton, Caretta, & Castelli 1996) This dichotomy is reÑected in AP99Ïs Figure 10 , which indicates that the gravity di †erences of the few data points from other studies can be explained very well by NLTE e †ects (mostly due to Fe I overionization) calculated by & Idiart (1999 ; hereafter TI99). However, the The venin gravity di †erences evinced by the stars from the study of Gratton et al. (1996) cannot be accounted for by such NLTE corrections. There are thus signiÐcant study-tostudy di †erences that make even a single general description of spectroscopic-trigonometric gravity di †erences nearly impossible, let alone a precise elucidation of their cause(s). This is an important issue since accurate gravities are important for accurate [O/Fe] Numerous factors inÑuence the determination of spectroscopic gravities and putative NLTE e †ects. These include neutral and ionized line oscillator strengths, other atomic data (model atoms, photoionization cross sections, etc.), model atmospheres and a related host of assumptions/ simpliÐcations, treatment of damping (Ryan 1998) , and the adequacy of the assumed/adopted/derived stellar T eff values. The latter may be particularly important since the Gratton et al. (1996) scale is substantially di †erent from T eff those utilized in the other studies considered by AP99 and from the TI99 study. It must be emphasized, then, that attempts to ascribe such gravity di †erences (or other possible discrepancies such as, e.g., departures from excitation balance) to NLTE e †ects requires that we be assured that all the other variables entering abundance and NLTE analyses be well known. Unfortunately, one can probably only be assured that this is not the case. At the very least, as noted by AP99, NLTE e †ects are not the sole mechanism(s) producing the gravity di †erences in their Figures 4 and 10.
Uncertainties in the extent of NLTE e †ects on Fe abundances and derived gravities of metal-poor stars are illustrated in comparing the results of Gehren, Reile, & Steenbock (1991 ; hereafter GRS91) and hereafter AFG95) with those of TI99. After applying a perceived shift in metal-poor stellar evolu-T eff tionary models (ascribed to changes in mixing length parameter and nonsolar [O/Fe] ratios), AFG95 conclude that comparison of model luminosities and surface gravities with their spectroscopic values suggest small NLTE ionization equilibrium deviations that afflict the spectroscopic values. Based on theoretical calculations in GRS91 and comparison of model and derived luminosities, they suggest corrections in Fe abundance and log g of typically D]0.05 dex and D]0.15 dex, respectively, for metal-poor subdwarfs and subgiants. Given the above discussion, one should note that this cannot be a rigorous conclusion of NLTE e †ects since such a conclusion depends on manifold other assumptions. In particular, one might note that AFG95Ïs own set of model atmospheres and values T eff (derived from Balmer line proÐle Ðtting) are distinct from those utilized in other studies of metal-poor stars.
TI99 have carried out detailed statistical equilibrium calculations for Fe I and Fe II in late-type stellar models of various metallicity. Their work uses sophisticated atomic models, numerous transitions, and new Iron Project photoionization cross sections. They Ðnd that metal-poor stars like those in the study of AFG95 are a †ected signiÐcantly by Fe I overionization from UV radiation. NLTE adjustments suggested by TI99 for metal-poor stars are markedly larger than those inferred by AFG95 ; typical corrections in Fe abundance and log g are ]0.25 dex and ]0.4 dex. TI99 note that their NLTE parameters are able to explain the discrepancy between their LTE spectroscopic and Hipparcos-based trigonometric gravities. Figures 4 and 10 of AP99, however, remind us that the same can not be said for the LTE spectroscopic gravities derived in some other studies.
While TI99 cite the correspondence between their NLTE spectroscopic surface gravities and the Hipparcos-based trigonometric values as "" proof of the validity ÏÏ of their results, the NLTE study-to-study di †erences in Figures 4 and 10 of AP99 again remind us that it is possible (at least in principle) to achieve such consistency without any recourse to NLTE e †ects. On the other hand, TI99Ïs results are not inferred from a comparison between observation and theory but are a direct result of their calculations. While a clear quantitative exposition of uncertainty in their NLTE corrections is lacking, it seems that reasonable changes in various extant parameters (model atmospheres, collisional damping, adopted values) would not sub-T eff stantially decrease the corrections for metal-poor stars derived within their speciÐc framework. Whether di †ering frameworks involving novel features or di †ering assumptions lead to signiÐcantly di †erent results (e.g., convective inhomogeneities, chromospheres, inclusion of additional transitions, etc.) remains a topic for future investigation.
While the issues of the reality and magnitude of NLTEbased adjustments to Fe abundances and gravities of latetype stars remain unsettled, they are potentially quite important for a host of issues. Here, we reconsider recent stellar O studies in light of these NLTE parameters.
We Ðrst consider the dwarf study of BKDV99 since their O abundances come from both near-UV OH lines and the O I triplet. The sensitivity of the OH and O I lines to the assumed parameters (e.g., and log g) is opposite in sign T eff but similar in magnitude. While the inÑuence of the parameters on the resulting average O abundance is thus minimal, alterations to [O/Fe] King (1997) . The observational challenge of an increased metal-poor sample is needed to address these issues.
CARBON AND OXYGEN IN METAL-POOR DWARFS

Raw T L L S Results
In addition to O IÈbased O abundances, TLLS provide C abundances from both CH and high-excitation C I lines in their metal-poor dwarfs. They concluded that (1) molecularbased (CH) abundances are more reliable than their atomicbased abundances, which seem errantly large and evince a trend with but (2) the [C/O] ratios inferred from the T eff , atomic features are reliable since they show no trend and agree well those determined from CH and OH. As noted by McWilliam (1997) 
NL T E Parameter/Fe Results
We considered the e †ects of the TI99 and AFG95 parameter/Fe values on TLLSÏs O and C results using the typical abundance sensitivities in their Table 5 (Fig. 2) . These are discussed below.
BKDV99Ïs (Fig. 4) is very di †erent from the near-Ñat relation of TLLS (Fig. 2) . BKDV99 note the di †erence is equally attributable to di †erences in the Fe abundances, stellar parameters, and model atmospheres. The top middle panels of Figures 2 and 4 show that uniform parameters/Fe do not necessarily explain study-to-study O I di †erences. One can explore the consistency of the TLLS and BKDV99 molecular analyses by comparing the TLLS CH-based "" expected ÏÏ [O/Fe] Systematic e †ects on parameter/Fe values of metal-poor giants are a potential concern since the [O I]Èbased abundances are sensitive to log g and input metallicity. However, the case for NLTE e †ects is even more uncertain than for metal-poor dwarfs. Ruland et al. (1980) inferred NLTE departures in low-excitation neutral lines in the metal-rich
2) giant Pollux ; the implications for considerably more metal-poor giants like those considered in this paper are unclear, however. Their analysis of Pollux and the more metal-poor Arcturus (an L-T sample member) might also suggest a relation to photospheric granulation or chromospheric inhomogeneities, and they note indirect evidence of these in metal-poor globular cluster giants. More observational and theoretical work is warranted to clarify the magnitude of these putative e †ects in metal-poor giants like those in the L-T Ðeld sample. TI99Ïs Fig. 9) ; still, such a metallicity dependence could alter the [O/Fe] versus [Fe/H] morphology. Gratton & Sneden (1991) suggest Fe I lines with reduced equivalent widths may yield LTE abundances too large by 0.2 [[4.9 dex in metal-poor giants ; however, inclusion of collisions in apparently the same manner as TI99 lowers the NLTE corrections to 0.06 dex. Gratton et al. (1996) perform exploratory NLTE calculations for the cool metal-poor cool giant HD 187111 and Ðnd LTE Fe I abundances too low by 0.08 dex, and ionization balance-based gravities too low by 0.25 dex. Gratton & Sneden (1991) and Gratton et al. (1996) note that metal-poor giant gravities derived via ionization balance are signiÐcantly lower than values from semiempirical and theoretical color-magnitude diagrams. Such disagreement, though, may also be inÑuenced by the neutral and ionized gf-values, the assumed and the adopted T eff , model atmospheres. AFG95 derive NLTE gravities for the evolved subgiants BD ]37 1458 and BD ]23 3130 that are 0.77 and 1.10 dex larger than the ionization balanceÈbased values of FK99. However, even the formerÏs LTE gravities are 0.64 and 0.92 dex larger than the FK99 values ; a substantial portion of these di †erences are related to the T eff valuesÈAFG95Ïs being 350 and 340 K larger than FK99Ïs.
Metal-poor Giant Gravities from Parallaxes
To explore the e †ects of parameter/Fe deviations on resulting [O/Fe] ratios, we searched for metal-poor giants and evolved subgiants in the L-T O studies having Hipparcos parallaxes of quality These are listed in n/p n Z 3.0. the top part of Table 1 . Below these, we list other giants in Gratton & Ortolani 1984 ; (9) Gratton & Sneden 1991 ; (10) Gratton & Sneden 1994 ; (11) Gratton & Sneden 1987 ; (12) Axer et al. 1995 ; (13) Nissen et al. 1994 ; (14) Gratton & Sneden 1988 ; (15) Cavallo et al. 1997 ; (16) Peterson, Kurucz, & Carney 1990. recent abundance studies3Èsome with slightly lower quality parallaxes. Columns (2)È(4) list log g, and T eff , [Fe/H] adopted/determined in these studies, which are identiÐed in column (6) ; the L-T [O I]Èbased [O/Fe] ratio is given in column (5) . Parameters from other studies are also listed, but this is not intended to be a complete listing.
References 4, 6, 7, 9, 10, and 16 in Table 1 rely on ionization balance to derive log g. The other studies employ some combination of (1) ionization balance, (2) (or color) and T eff isochrones (or globular cluster Ðducials), (3) and T eff assumed distances and masses, (4) color indices, Stro mgren (5) empirical versus log g relations, and (6) and by how much is usually not apparent) other determinations. In other cases, indirect techniques are used to adjust initial ionization balanceÈbased determinations.
Trigonometric gravities (assuming for the log g _ \ 4.44) Table 1 stars were derived from the parallaxes, values, T eff V magnitudes, and bolometric corrections and masses from the 13 Gyr Yale96 isochrones and their semiempirical color transformation4 (Demarque et al. 1996) . The latter quantities are insensitive to plausible metallicity and age errors, so errors in the parallaxes dominate. The parallaxes, derived gravities, and their uncertainties are listed in columns (7)È(10).
Our trigonometric gravities are certainly too large owing to well-known biasÈgiven small intrinsic giant parallaxes (a few mas), stars with errantly large parallaxes are preferentially included in our sample. We treat this below. For ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ (11) and (12) Lutz & Kelker (1973) Ètype bias corrections were made to our trigonometric gravities following Hanson (1979) assuming the proper motion distribution of the Hipparcos catalog. These log g values are listed in the Ðnal column of Table 1. Figure 6 plots the giant data from the studies in Table 1 [Z/H] \ [2.0, Y \ 0.23, 13 Gyr Yale96 isochrone (shortdashed line) in the log g versus plane.
Globular Cluster Giants
Most of the liter-T eff ature data lie below the theoretical giant branch (typically by 0.2 dex in log g) ; the discrepancy may be an increasing function of decreasing T eff . The majority of the Table 1 data have gravity estimates from the absolute magnitude implied by a color-based assignment along the M92 Ðducial (Sneden et al. 1991) . These gravities are thus dependent on adopted reddenings and the M92 distance, which they took as (m [ M) 0 \ 14.49. While future space missions will allow direct parallax measurements of globular cluster stars, Ðeld subdwarf Hipparcos data have been used to infer cluster distances via main sequence Ðtting. Reid (1997) Ðnds an M92 distance modulus 0.45 mag larger, which would result in the L-T gravities being overestimated by D0.18 dex. This explains much of the average o †set between the data and isochrone in Figure 6 ; some of the o †set may also arise from uncertainty in the color transformations/bolometric corrections and the evolutionary calculations themselves. Figure 6 suggests that, in contrast to extant metal-poor dwarf gravities, the L-T giant gravity scale is likely to be overestimated, not underestimated.
On the other hand, the mean di †erence between the corrected trigonometric gravities and the literature values (LK[lit) is ]0.159^0.096 (m.e.) dex. This di †erence is marginal and may be due in part to metallicity e †ects. For L-T values alone, the di †erence is ]0.32^0.09 dex. Sneden et al. (1991) The n/p n º 5. di †erence between the trigonometric and ionization-based gravities also appears to be insigniÐcant, ]0.15^0.18 dex, and the latter also are closer to the isochrone values. At present, these limited comparisons suggest that systematic errors in the L-T gravities (and probably the other studies) seem limited to dex star-to-star uncertainties may be [0.2 larger, however.
Cluster Subgiant versus Giant Abundances
Overionization e †ects on metal-poor giants can be empirically gauged by comparing Fe I giant abundances in M92 from Sneden et al. (1991) with those for mildly evolved M92 subgiants by King et al. (1998) . The latter are similar in metallicity and evolutionary status to HD 140283, BD ]26 3578, BD [10 388, and NLTT R740 in Table 1 of TI99, which suggests overionization e †ects of 0.3 dex on the Fe I abundances. Indeed, the King et al. abundances are almost exactly 0.3 dex larger than the giant values. The inference that metal-poor giants su †er negligible overionization e †ects relative to dwarfs may be illusory, however, since King et al. note that the di †erence with the giant results can be nearly exactly accounted for by di †erences in model atmospheres, atomic data, and instrumental e †ects. This would then suggest that overionization e †ects in the bright cluster giants must be similar to those in slightly evolved subgiants. While remaining uncertainties in this comparison noted by King et al. still need to be clariÐed, at present it appears that overionization e †ects in metal-poor giants are no larger than those for dwarfs. An appendix presents two peripheral notes on M13 giant abundances. (1968), this drives O I formation into near-LTE. This approach has found both criticism (Severino, Caccin, & Gomez 1993) and support (Takeda 1995) .
A second source of uncertainty is the homogeneity and self-consistency of analyses. Ideally, both the O and Fe abundances would be derived from homogeneous data and analyses that employ a self-consistently derived solar abundance with which to normalize the stellar abundances. But this is not strictly the case for our reanalysis and the individ- Fig. 9 ) may illustrate the value in using self-consistently determined O and Fe abundances.
Given complete homogeneity and self-consistency, a third uncertainty remains the adequacy of model atmospheresÈparticularly for giants versus dwarfs. For example, e †ects of chromospheres on O and Fe abundances is not well known. Takeda (1995) suggests the temperature rise may be important for solar O I line formation. McWilliam et al. (1995) have discussed possible 0.1 dex di †erences in (LTE) metal-poor giant Fe abundances due to both model atmosphere di †erences and inclusion of chromospheric T -q structure. While Kiselman & Nordlund (1995) have considered the line formation of OH and O I features in the Sun using three-dimensional hydrodynamic models, similar studies of convective inhomogeneities in metal-poor stars are not available. Interestingly, the simple two-stream calculations for the cool metal-poor dwarf Gmb 1830 by Tomkin et al. (1992) Finally, there is the issue of excitation. While overionization may be an e †ective means, supported by recent calculations, to bring spectroscopic and trigonometric gravities of metal-poor dwarfs into agreement, it is not the only means. In particular, an increase in metal-poor values, T eff advocated by Gratton et al. (1996) , AFG95, and King (1993) , would increase the derived Fe I abundances, and hence the gravities needed to produce larger matching Fe II abundances. Metal-poor dwarf values suggested by the T eff above authors are typically some 100È150 K larger than the values used in the TI99 analysis.
We issue, but their variation with [Fe/H]. Second, a signiÐcant fraction of the stars have positive di †erences, but nega-T eff tive log g di †erences, which is unexpected. Third, there is large scatter that persists when including more metal-rich stars. The four stars with positive of 160È225 K show *T eff a * log g spread of 0.9 dex ; the star with of only *T eff D[50 K shows a large log di †erence of [0.6 dex. The point is that the study-to-study log g and Fe di †erences do not depend just on di †erences. Rather, there must be T eff lingering signiÐcant uncertainties (in one or both analyses) and/or other analysis di †erences (e.g., atmospheric structure). Until these are sorted out, deÐnitive stellar parameters and abundances await.
A few additional puzzles persist. First, evolved M13 stars display an [O I]ÈO I discrepancy in the opposite sense of Ðeld stars. Pilachowski & Armandro † (1996 ;  hereafter PA96) combined medium-resolution spectra of the j7774 O I triplet in 40 evolved M13 subgiants to derive an upper limit on the average [O/Fe] ratio, presumably little a †ected by deep mixing in these stars, of
In their study of [[0.1. mostly evolved metal-poor stars similar to the M13 stars, Cavallo et al. (1997) conclude that the O I triplet yields abundances D0.5 dex too largeÈmost likely due to NLTE e †ects. If so, the PA96 upper limit must be reduced to The PA96 stars are characterized by [O/Fe] (King & Hiltgen 1996) and the j8664 O I lines (Takeda et al. 1998 (Fig. 5) .
We omit high-excitation O I data owing to the large scatter at a given [Fe/H] seen in Figures 2 and 4 , and the possibility of remaining trends with King & Boesgaard (1995) . Since the Edvardsson et al. (1993) Nissen & Edvardsson (1992 ;  hereafter NE92), we have simply reanalyzed NE92 stars in common with TI99 using the latterÏs parameter/Fe values. Calculations were carried out in MOOG using the Kurucz atmospheres. The results are given in Table 3 ; we note that solar normalization has been achieved using log N(O) _ \ 8.93 derived from NE92Ïs mean solar equivalent width.
The Ðnal sample is shown in Figure 8 . Because (1) [O/Fe] with declining [Fe/H] in the metal-poor regime, and (3) statistical tests following King (1994a) As gauged from TLLSÏs atomic-based [C/O] ratios, the raw and revised BKDV99 and TLLS OH and CH results are consistent in that both show an increase with declining [Fe/H] of similar slope. The NLTE parameter/Fe values do not change this. However, we infer a 0.2 dex o †set between the TLLS and BKDV99 results, which persists using the same NLTE parameters ; this is likely due to other di †er-ences in the two analyses.
We considered systematic errors in the gravities of metalpoor red giants from Hipparcos-based trigonometric log g values. The trigonometric results and comparison of M92 giant and near-turno † Fe I abundances may suggest that the L-T gravities are modestly underestimated. However, comparison with theoretical isochrones suggest they may be modestly (0.2 dex) overestimated ; this is also supported by the M92 distance inferred from Ðeld subdwarf parallaxes. The author thanks the referee for a very careful reading of the manuscript and a number of helpful comments and suggestions.
APPENDIX TWO PERIPHERAL NOTES ON M13 GIANT ABUNDANCES
We make two notes with peripheral relation to the above issues but of potential interest to others. The Ðrst concerns correlation of abundances in M13 giants. Figure 9 plots the Kraft et al. (1997) 
